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Basis for suspension formulae and other characteristics:

1. The Theory and Practice of Industrial Pharmacy: Second Edition 1976.
Chapters 4.and 5 Theories of Dispersion Techniques; Pharmaceutical

Suspensions. ]
2. Nash,R.A.: Drug & Cosmetic Ind., 97: 843, 1965; 98: 39, 1966.
Basis for Manufacturing information:
1. “As above

2. See attached for questions FDA is asking its inspectors to check for
in sterility compliance program.
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lated suspensions frequently result in phar-
maceutically poor suspensions. Flocculated
suspensions are to be preferred because theyv
have less tendency to cake on standing and
are therefore more readily redispersible. Ob-
viously, a pharmaceutical suspension must
be redispersible on only mild agitation to
ensure dosage uniformity.

The tendency of particles to flocculate
depends on the forces of attraction and re-
pulsion between them. If the repulsion is of
sufficient strength, the particles remain dis-
persed; if not they coagulate. The attractive
forces between particles is thought to be due
to London or van der Waals forces. The van
der Waals forces of intermolecular attraction
were named after this scientist who used
certain constants in the gas equation he for-
mulated as a correction to the ideal gas law.
The forces are due to combinations of ionic,
dipole, and induced dipole interatomic and
intermolecular phenomena effected through
dipole moments; the London forces termi-
nology emphasizes the ‘induced dipole as-
pects. For example, in a suspension of clay
particles, as an increasing amount of sodium
chloride is added, the repulsive forces de-

~ crease. As increasing amounts continue to be

added, the repulsive forces can no longer
counteract the van der Waals attraction. and
the system flocculates.

Sedimentation and flocculation rates are
properties of suspension systems governed
by particle size, particle-particle inter-
actions, densities of the particles and the
medium, and the viscosity of the continuous
phase. Subsidence is a term often used to
describe the settling of a flocculated system
and refers to the settling rate or descending
of the boundary between the sediment and
the clear supernatant above it. In defloccu-
lated polydispersed systems (i.e.. those hav-
ing many different particle sizes present) this
measurement is of little value because the
boundary is not well defined. In this case the
large particles settle downward more rapidly
than the smaller particles, whercas in con-
centrated deflocculated suspensions the
larger particles exhibit hindered settling, and
the smallest settle more rapidly. In floccu-
lated suspensions, the particles are linked
togcther into flocs which initially scttlc ac-
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cording to the size of the floc and porosity
of the aggregated mass. Later the rate is gov-
erned by compaction and rearrangement
processes. A clear supernatant is formed on
settling, since even the smallest particles are
entrapped in the mesh-like network of the
floc. Intermediate states are possible where
all particles are not associated with flocs.
As experimental examples, it is noted that
Jones, Matthews, and Rhodes studied the
stability of sulfaguanidine suspensions as
they were affected by electrolyte (aluminum
chloride), type and concentration of surfac-
tant(cetyltrimethylammoniumbromide, poly-
sorbate 80), and nature of vehicle (water with
various amounts of glycerol).> They achicved
optimum stability by balancing the adju-
vants to obtain a controlled flocculation.
Also of interest, Carless and Ocran related,
in hectorite dispersions for example, particle
shape, particle interaction mediated by
added electrolytes, and some_rheolgoical
properties.4 As reported in a recent patent.
mng rescarch on intramuscular in-
jectables containing steroidal and other
water-insoluble medicaments, found that a
pharmaceutically elegant. readily redispersi-
ble, stable, well-preserved, moderately floc-
culated suspension would form in an aque-
ous vehicle having as additives a non-ionic
polyether surfactant (up to 1% of, e.g., poly-
sorbate 80, PEG's, polyoxyethylenepolyoxy-
propylene block polymers) and normal pre-
servative concentrations of benzyl alcohol

(0.5-1.5%) and the parabens (0.1-0.3%).

To determine whelher a suspension is floc-
culated, a differential manometer can be
used to compare the pressure of a suspension
near its bottom and top in a container. This
device has been described by Tingstad.® A
flocculated suspension shows the same pres-
sure at both points as it exerts liltle or no
pressure on the liquid because the particles
essentiallv support cach other. A nonfloccu-
lated suspension, however, exerts more pres-
sure near ils bottom.

Sedimentation Rates

With regard to actual scttling rates, the
well-known Stokes relation describes the

-
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It will be informalive to examine some
additional low and high solid content for-
mulas and observe their characteristics. The
following table shows the components that
are rcquired to prepare a model parenteral
suspension; this route of administration lim-
its the formulator to a rather narrow range
of additives.

The samples are best prepared by making
a concentrate of the dispersant in a volume
equal to 10% of the final volume. thoroughly
mixing in the active ingredient with the help
of a colloid mill or other device, and adding
the remaining components to a solution of
the prescrvative(s). The latter should be pre-
pared using about 80% of the final total vol-
ume. This solution is then added to the por-
tion containing the active ingredient, and

sufficienl purified water is added 1o bring it
to the final volume.

The Theory and Practice of Industrial Pharmacy
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TABLE 5-1. - Eow Solids Content Suspensions

S Concentration in mg./ml.
Sample” A B ¢ D E F ¢ §y
Steroid* 25 25 25 25 25 25 25
Polysorbate 80+ 00 "106 10 10 10 10 10 19
(dispersant)

Sodium citrate — - - 100 — - —_
(buffer)

Sodium chloride 00 90 g9 —_ 90 90 90 go
(for isotonicity) )

Benzyl alcohol - — 99 890 90 - gp __
{preservative)

Chlorabutanol - - - - 50 50 -
(preservative)

Methylparaben - - —_ — — - 18 18
{preservative)

Propy! paraben — —_ - - - — 02 o2

(prescrvative)

Purified Water g.s. 1o 1.00 ml.

* Corlisone acetate, predaisolone acetate, etc.
tSpan 40 or Tween 40 could also be used. As noted previously, these are trademarks
of ICI United States Inc.

The observations are

A—no dispersion or very little welting of
solid; this may depend on the recrystali-
zation solvent (acctone versus dimethyl.

, formmnidc).

B—good dispersion, rapid settling, caking.

C—good dispersion, rapid scitling, severe
caking, poorly redispersible, defloccu-
lated.

D—good dispersion, rapid settling, easily
redispersible, slightly flocculated,

E—good dispersion, slow seltling, moder-
ately flocculated,

F—good: dispersion, slow settling, finely floc-

culated.

G—good dispersion, slow settling, floccu-
lated.

H—good dispersion, slow seltling, coarsely
flocculated. '

It is important to note that protective col-
loids. such as polycthylene glveol 4000, S0~
dium carboxymethycellulose 7LP or 7MP,
and methyleellulose all modily these charac-

" leristics. Sorbitol or dextrose can be in-
cluded to adjust density.
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Inspectors are instru

® Add or remove biological contaminants to or from the

M-D-D-1 REPORTS

cted in the new program to describe
‘ sterilization.processing which may:

s Addto presterilization microbial levels

® Adversely effect immediate package inte
» Relate to handling or sanitizing systems

U-v lights, etc.)

Indicate a possible comprom

in the opinion of the investigator.

Besides being more s

pecific in nature than th

the original program, imported devices are not covered.

e previous sterility compliance program, the
document includes sterility evaluations for biological indicators and radiation sterilization processes.

device

grity which may compromise sterility
which physically contact the device (coxlveyors,

ise of sterility or represent a potential for contamination

in detail” any practices in product

new
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@ GENERAL INFORMATION

Firm and/or location that sterilizes
device (if different)
Production rate (units/month)
Ave. particulates (no./unit)
oxic residues {mg/gram, list)
Type of packaging & material used
Shelf life (expiration date}
Average presterilization microbial
count (No./unit)

@snmuzmmm-semeam

' Type of sterilization
Validation of cycle (D value}
Determined at (site)
Determined by (firm? consult-
ing lab?)
Sterility confidence (%) or prob-
ability of non-sterile unit

@ STEAM STERILIZATION

Steam manufacturer
Sterilization cycle
Time (min.)
Temperature (°C)
Pressure (mq Hg}
Pressure cemedown rate {mg
Hg/min)
Saturaiod steam {ca)
Parameter nonitoring {yes/no)
/.S'C(‘Jbolm;!cj
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QUESTIONS FDA IS ASKING ITS INSPECTGRS TO CHECK F

List reproduced by “The Gray Sheer” from the A
structions advise inspectors to take the list wi

O RADIATION STERILIZATION

Sterilization mfr.

Radiation source supplier

Radiation source (e.q. cobait 60)

Radiation type { afBy )

Dosimeter type

Dose rate (Mrad/hr)

Uniformity of dose rate {£%%)

Total dose {Mrad)

Temperature

Parameter monitoring {yes/no)
[Sec foutnote]

G 6AS STERILIZATION

Sterilizer mfr.
External humidification
Time (hr.)
Relative humidity (%)
Temperature (OC)
Sterilization cycle vacuum {mm
Hg absolute)
Air venting {yes/no)
Prehumidification dwell (hr.)
Temperature {OC)
Relative humidity {5}
Sterilant concentration in cham-
ber {mg/liter)
Sterilant/carrier uscd (%)
Exposure to sterilant (hr)
Pressure comreduwn rate {mm
Hg/min,)
Sterilant exhayst {(hr.)
Parameter monitoring (yes/no}
{Sce footaoie)

Footngie: L ves whiich pasameiers end by what means (e.g. temperazure

TS
OR IN STERILITY COMPLIANCE PROGRAM

ppendix to FDA4 s compliance programn. FD4 s in-
th them and Sl in answers to each parameter,

D ——

@ BIOLOGICAL INDICATORS
Qualifications of responsible parson

Adventitious indicator {inocuiateg
carrier} — Inoculated product

Crganism used; type (genus, species,
brand riame if commercial) & pcp.
ulation {no. czrrier) .

Assay procedure {e.q., USP)

Optimal growth medium

No. of carriers tested

Quarantine period (days)

carriers from sterilizer & testing
No. of lots resterilized because of
positive biological indicators
Does indicator meet USP XIX per-
formance levels for steamor ETO
biological indicators

(@ PRODUCT STERILITY TESTING

Qualifications of responsible person
{c.q. BS)
Assay procedure {e.q. USP)
Whole unit tested
Unit tested by flyid rings?
No. of units iested
ercentage of lot tested
Elzpsed time (hr.) betvenn remova!
from sterilizer & testing
Quarantire period {days)
No. of lots resteritized because of
positive ster ity tests

by recarding iermomeier)

{e.q., BS, experience, specia! trairing! §

Elansed time (hr.) between removing
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